We aimed to evaluate whether there was a difference in the arterial stiffness assessed by the cardio-ankle vascular index (CAVI) between patients with acute coronary syndrome (ACS) and those with stable angina pectoris (SAP). A total of 199 consecutive patients, 79 with ACS and 120 with SAP, who underwent emergency or elective coronary revascularization were enrolled. The CAVI was measured within 2 days after the procedures, and was compared between the ACS and SAP patients. As parameters related to arteriosclerosis, carotid intima-media thickness (IMT) and number of stenotic coronary vessels were also evaluated. Although IMT was significantly greater in SAP patients (2.1 ± 1.1 vs. 2.4 ± 0.9; P¼0.022), CAVI was significantly higher in ACS patients (10.0±1.7 vs. 9.3±1.3; P¼0.0012). After an adjustment for the clinical parameters with a significant difference between the two patient groups, CAVI remained significantly higher in ACS patients than in SAP patients (odds ratio 1.92, 95% confidence interval 1.30-3.02; P¼0.0023). A multiple linear regression analysis revealed that age (b¼0.44; Po0.0001) and ACS (b¼0.3; Po0.0001) were the independent determinants of CAVI. A significant decrease in CAVI was observed at 6 months of follow-up as compared with the acute phase in 18 patients with ACS (10.9±1.6 vs. 10.0±1.5; P¼0.019). In conclusion, CAVI was significantly and independently higher in patients with ACS than in those with SAP, which might result from a transient increase in the CAVI caused by acute myocardial ischemia.
INTRODUCTION
Recently, a novel arterial stiffness parameter called the cardio-ankle vascular index (CAVI) has been developed that is independent of blood pressure and differs from pulse wave velocity. 1, 2 The CAVI is significantly associated with the parameters related to atherosclerosis; [3] [4] [5] [6] [7] furthermore, it is positively correlated with the severity of coronary artery disease. 5, 6 However, there are few reports on CAVI in patients with acute coronary syndrome (ACS) requiring emergency revascularization.
Increased arterial stiffness has been shown to be an independent predictor of cardiovascular events and mortality in high-risk populations. [8] [9] [10] [11] In addition, the aortic stiffness assessed by invasive methods is also a powerful and independent risk factor for recurrent acute coronary events in patients with coronary artery disease (CAD), including stable angina pectoris (SAP). 12 Hence, we hypothesized that the arterial stiffness assessed by CAVI in ACS patients would be significantly higher than that in SAP patients. The aim of our study was to evaluate whether there was a difference in CAVI between patients with ACS and those with SAP.
METHODS

Study population
Between July 2007 and March 2009, A total of 199 consecutive patients (age 71 ± 11 years, 138 men) with ACS (n¼79), defined as an acute ST-or non-ST-segment elevation myocardial infarction or Braunwald's class IIIB unstable angina pectoris, and SAP (n¼120) were enrolled. An emergency percutaneous coronary intervention or coronary artery bypass grafting was performed in patients with ACS and an elective percutaneous coronary intervention or coronary artery bypass grafting was performed in those with SAP.
Patients with hypotension, systolic blood pressure (SBP) p90 mm Hg, cardiac decompensation, a previous myocardial infarction, a history of coronary revascularization and peripheral arterial disease with an anklebrachial pressure index of o0.9 were excluded.
The study was approved by the local ethics committees, and all subjects gave their written informed consent.
CAVI measurement
CAVI was measured according to the methods described previously. 1,2 Briefly, patients were placed in the supine position and their electrocardiogram and heart sounds were monitored. Pulse wave velocity was obtained by dividing vascular length by the time taken for the pulse wave to propagate from the aortic valve to the ankle. Thereafter, blood pressure was measured at the brachial artery. CAVI was calculated by the following equation: CAVI¼a({2rÂ1/(SBP-DBP)}Â{In(SBP/DBP)ÂPWV 2 })+b, where SBP is the systolic blood pressure, DBP is the diastolic blood pressure, r is the density of blood and a and b are constants. All measurements and calculations were made automatically using a VaSera VS-1000 (Fukuda Denshi, Tokyo, Japan). CAVI was measured within 2 days after coronary revascularization in all patients, and at a 6-month follow-up in 18 patients with ACS and in 21 with SAP. A preliminary evaluation of CAVI without CAD was conducted in 30 patients who had an intact coronary artery demonstrated by coronary angiography.
Carotid IMT measurement
The carotid arteries were evaluated with high-resolution B-mode ultrasonography (HD11XE, PHILIPS, Tokyo, Japan). 13 One longitudinal image of the common carotid artery and three longitudinal images of the internal carotid artery were acquired. The carotid intima-media thickness (IMT) was measured as the distance between the lumen-intima interface and the media-adventitia interface on the B-mode. Atherosclerotic lesions were defined as plaques when the thickness of the intima-media complex was X1.1 mm. The maximal IMT was used for analysis.
Echocardiography
Echocardiography was performed using B-and M-mode ultrasonography (SEQUOIA C256, SIEMENS, Tokyo, Japan). The left ventricular (LV) enddiastolic diameter, maximal left atrial diameter and end-diastolic thickness of the ventricular septum were measured. The LV end-diastolic and end-systolic volumes (EDV and ESV) were calculated from the apical two-and fourchamber views using a modified Simpson's method. Thereafter, the LV ejection fraction (LVEF) was calculated as LVEF¼(EDV-ESV)/EDVÂ100.
Assessment of the severity of CAD
Coronary angiography was performed according to the standard methods before percutaneous coronary intervention or coronary artery bypass grafting. Significant stenosis was defined as narrowing of X75% in any of the three major coronary branches or X50% in the left main trunk artery. The severity of CAD was assessed on the basis of the number of stenotic coronary vessels. If there was stenosis in the left main trunk artery, we diagnosed it as two-vessel disease.
Coronary risk factors and laboratory parameters
We recorded the following traditional coronary risk factors: (1) diabetes mellitus (a fasting plasma glucose level X126 mg dl À1 and hemoglobin A1c X6.5%, or the use of oral antidiabetic agents or insulin); (2) dyslipidemia (low-density lipoprotein-cholesterol X140 mg dl À1 or high-density lipoprotein-cholesterol o40 mg dl À1 or triglyceride X150 mg dl À1 or the use of lipidlowering drugs); (3) hypertension (SBP X140 mm Hg or DBP X90 mm Hg or the use of antihypertensive agents); and (4) smoking history (previous or current cigarette smoking).
At baseline, the following measurements related to arteriosclerosis risk were evaluated: body mass index, estimated glomerular filtration rate, 14 lipid profile, fasting plasma glucose level and hemoglobin A1c. In addition, C-reactive protein was measured on the day after the procedures. In ACS patients, the peak serum creatine kinase level was determined by measurements taken every 3 h after the procedures.
Statistical analysis
Statistical analyses were performed using JMP software version 5.1 (SAS Institute Japan, Tokyo). The clinical characteristics of the study subjects were presented using frequencies for categorical variables and means with s.d.'s for continuous variables. The differences between the two patient groups were examined using Pearson's w 2 -tests for categorical variables or t-tests for continuous variables. Correlations between CAVI and other clinical parameters were assessed by Pearson's correlation test. Subsequently, significantly correlated variables were further analyzed using a multiple linear regression analysis to assess their independent relationship with CAVI. A multiple logistic regression analysis was performed using the variables found to be significant in the univariate comparisons and age to assess whether there was a significant difference in CAVI between the two patient groups. For all analyses, a P-value of o0.05 was considered statistically significant.
RESULTS
In ACS patients (n¼79), there were 67 patients who had an ST-segment elevation myocardial infarction, four who had a non-ST segment elevation myocardial infarction and eight who had an unstable angina pectoris. The number of patients who underwent a coronary artery bypass grafting was 4 in ACS patients and 11 in SAP patients (n¼120).
The prevalence of hypertension (54 vs. 83%; Po0.0001), SBP (123 ± 19 vs. 134 ± 17; Po0.0001), LVEF (55 ± 10 vs. 63 ± 13; Po0.0001), IMT (2.1 ± 1.1 vs. 2.4 ± 0.9; P¼0.022) and triglyceride (110±58 vs. 150±99; P¼0.0018), as well as the frequency of the use (Table 1) . According to the preliminary evaluation of CAVI in the 30 subjects without CAD (age 67 ± 11 years, 20 men, 12 (40%) had hypertension, 5 (17%) diabetes, 4 (13%) dyslipidemia and 6 (20%) were current smokers), CAVI was significantly lower than that in patients with ASC or SAP (8.6 ± 1.8 vs. ACS; Po0.0001 vs. SAP; P¼0.0002).
In the univariate analysis, hypertension (r¼0.36; P¼0.0016), smoking (r¼0.23; P¼0.048), IMT (r¼0.36; P¼0.0031), estimated glomerular filtration rate (r¼0.45; Po 0.0001) and antihypertensive agents (r¼0.29; P¼0.012) were significantly correlated with CAVI in ACS patients, and body mass index (r¼0.3; P¼0.0014) was a significant correlate in SAP patients. Age was the only factor that was significantly related to CAVI in the univariate and multivariate linear regression analyses in both patient groups (r¼0.66; Po0.0001, b¼0.56; Po0.0001 in ACS patients, r¼0.31; P¼0.0007, b¼0.23; P¼0.013 in SAP patients). In all patients, ACS emerged as an independent determinant of CAVI (b¼0.3; Po0.0001), as well as age (b¼0.44; Po0.0001). In ACS patients, there was no significant correlation between CAVI and LVEF (r¼0.12; P¼0.32) or peak serum creatine kinase level (r¼0.13; P¼0.26) ( Table 2) .
A multiple regression analysis revealed that ACS patients had a significantly higher CAVI as compared with SAP patients (odds ratio 1.92, 95% confidence interval 1.30-3.02; P¼0.0023) after an adjustment for age, hypertension, SBP, IMT, LVEF, triglyceride, C-reactive protein, antihypertensive agents and statins (Figure 1) .
The CAVI measured at the 6-month follow-up was significantly decreased compared with that measured within 2 days after coronary revascularization in 18 patients with ACS (10.9 ± 1.6 vs. 10.0 ± 1.5; P¼0.019; mean follow-up period 200±33 days), although their hemodynamic status and medications prescribed remained unchanged. In contrast, in 21 patients with SAP who were followed up, CAVI was significantly increased in the chronic phase as compared with the acute phase (9.2±1.4 vs. 9.9±1.3; P¼0.022; mean follow-up period 220 ± 44 days).
DISCUSSION
This study demonstrated that CAVI was significantly higher in patients with ACS as compared with those with SAP. We also found that the CAVI of patients with ACS in the acute phase significantly decreased in the chronic phase. This result may suggest a transient increase in CAVI caused by acute myocardial ischemia. The possible mechanisms of the transient increase in CAVI were assumed to be as follows: (1) It is reported that severe myocardial ischemia induces LV diastolic dysfunction ahead of LV systolic dysfunction. 15, 16 LV diastolic dysfunction is associated with an increased CAVI. 7, [17] [18] [19] Thus, the ACS patients, who would have an abrupt and severe myocardial ischemia, could have a higher CAVI than SAP patients. (2) Systemic acute inflammation and an elevated level of interleukin-18 are strongly associated with increased arterial stiffness. 20, 21 Therefore, as the level of interleukin-18 is higher in ACS patients than in SAP patients, 22 arterial stiffness could be increased in ACS patients compared with SAP patients. (3) The nitric oxide synthase inhibitor, asymmetric dimethylarginine, increases the arterial stiffness. 23 Thus, because the level of asymmetric dimethylarginine in patients with unstable angina pectoris is significantly higher than that in patients with SAP, 24 arterial stiffness could be increased more in ACS patients than in SAP patients. These factors associated with acute myocardial ischemia may solely and/or multifactorially contribute to the increase in CAVI in ACS patients. CAVI, an arterial stiffness parameter, is known to increase parallel to the progression of the carotid arterial thickness. [3] [4] [5] [6] However, despite having a lower IMT, ACS patients had a rather higher CAVI compared with SAP patients. This discrepancy may be explained by the transient increase in CAVI observed in ACS patients. That is, as a reflection of the cardiovascular condition in the acute phase of an abrupt episode of myocardial ischemia, CAVI may increase as we have demonstrated, whereas IMT would not to be affected by the transient change in the cardiovascular condition. This difference in response to the transient change in the cardiovascular condition may be related in part to the fact that CAVI is a physiological parameter, whereas IMT is a morphological one.
We observed more variables with a significant correlation to CAVI in the univariate analysis in ACS patients than in SAP patients, and among those variables, age was the only variable that was associated with CAVI in both patient groups. Furthermore, as many studies have reported, [3] [4] [5] [6] 17 it was the strongest predictor variable of CAVI in the multivariate linear regression analysis in both patient groups. The result that ACS was another strong independent determinant of CAVI in the entire study group highlights the significant increase in CAVI in ACS patients as compared with SAP patients.
In ACS patients, there was no correlation between CAVI and LVEF, which may support the results of the previous studies that were conducted on subjects with a normal LV systolic function. 18, 19 Furthermore, CAVI was not associated with the peak creatine kinase level in ACS patients. These results may suggest that CAVI would not be directly affected by the myocardial infarct size.
Several studies have shown that statins, pioglitazone and antihypertensive agents, including angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers and calcium channel blockers, decrease the arterial stiffness assessed by CAVI. [25] [26] [27] [28] However, although the frequency of use of these medications differed in the two groups in this study, no significant correlation between CAVI and the frequency of use of these medications was observed in the entire study group. Possible explanations for this result are that (1) as the majority of our study subjects were taking at least one of these medications, the interindividual variability of the effect of those medications on CAVI might have been small, (2) this study differed from previous studies [25] [26] [27] [28] in that all our study subjects had significant CAD and several coronary risk factors, which might have resulted in an even smaller favorable effect on arterial stiffness with such medications in this study as compared with previous studies.
Our study had several limitations. First, it was a single-center study with a small number of patients, and furthermore, the number of patients who underwent a follow-up measurement of CAVI was even smaller. Second, we did not enroll any patients with any peripheral artery disease with an ankle-brachial pressure index of o0.9, because the CAVI in those patients was reported to show inaccurate data. 2 Third, the prognosis of patients with a transient increase in CAVI was not shown in this study.
Despite these limitations, to the best of our knowledge, this is the first study on CAVI in ACS patients. In addition, our finding of a Comparison of the CAVI in ACS vs. SAP A Sairaku et al transient increase in CAVI observed in the patient with ACS provided new insight into the pathological vascular condition of acute myocardial ischemia. As several investigators have reported, an increased arterial stiffness is an independent predictor of cardiovascular events and mortality in subjects with coronary risk factors. [8] [9] [10] [11] Therefore, patients with a transient increase in arterial stiffness caused by acute myocardial ischemia should be followed up with extreme caution. To establish the clinical importance of measuring CAVI in ACS patients, large-scale prospective studies on the relationship between CAVI and prognosis in patients who have experienced ACS would be required.
In conclusion, CAVI was significantly higher in patients with ACS than in those with SAP independent of any other parameters related to arteriosclerosis, which might result from the transient increase in CAVI caused by acute myocardial ischemia.
